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Abstract
Stimulus-selectivity in phenomena such as the McCollough effect and other contingent after effects are controversial. Word
specific McCollough effects have been reported (Allan et al., Percept Psychophys 1989;45:104–113) that suggest an associative
model rather then a neural one. However, failures to replicate make this finding controversial (Humphrey et al., J Exp Psychol:
Gen 123:86–90). We applied the same contingency to the motion after-effect. Moving words, words paired with sine wave gratings
and words composed of sine wave gratings failed to generate text contingent after-effects in stimulus situations that normally
evoke motion after-effects. Thus, there was little evidence that motion adaptation can be made textually contingent. © 1998
Elsevier Science Ltd. All rights reserved.
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1. Motion after-effects and word contingency
Contingent after-effects are well known but their
mechanisms are controversial. McCollough’s pioneer-
ing work on chromatic after-effects [3] was linked to the
equally pioneering work of Hubel and Wiesel [4] in
primate visual cortex. McCollough found that adapta-
tion to orthogonal gratings of opponent colors (for e.g.:
red vertical and green horizontal), produced roughly
complementary colors on black and white gratings of
matching orientation. Stimulus-color contingency was
also demonstrated for spatial frequency, motion and tilt
after-effects [5]. The effect has been demonstrated in
children [6] and nonhuman primates [7]. These findings
suggest visual contingent after-effects are based on
adaptation of stimulus specific cortical neurons
[5,8,53,55,56,59]. While there are numerous visual ar-
eas, the McCollough effect may be a fairly early process
[9,10,63].
However, a second model suggests a form of condi-
tioning or associative learning [11]. Support for this is
the long lasting nature of the after-effects [12] and
after-effects contingent on stimulus properties not
coded by known neural populations [13].
Particularly compelling is the report by Allan et al.
[1] that the McCollough effect could be made contin-
gent on text. They adapted subjects to a pair of words
such as stone with the letters being colored red and
onset colored green. After a suitable time, subjects were
reported to show a shift in color perception of a white
lettered stone in the complementary direction (towards
green) and vice versa for onset. This finding argues
against a straightforward adaptation model. Color-op-
ponent neurons with spatial properties specific to words
have not been reported.
However, higher order phenomena in contingent af-
ter-effects are not unknown. Top-down organizational
and:or attentional processes have been reported to
modulate McCollough hues, motion after-effects and
their interactions with illusory contours [14–23,54,58].
Similarly, Prinzmetal and Keyser [26] found that word
identity could influence neon color spreading (an illu-
sory contour variant).
The above studies suggest higher level involvement in
after-effects but focus mainly attentional and configural
aspects. The stimulus parameters are within well under-
stood neuronal properties. Thus, Allan et al.’s [1] study
would argue for a new theoretical synthesis.
However, reasonable combinations of stimulus
parameters have not always produced contingent after-
effects. Curvature specific McCollough effects [25,26]
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seem to be based, instead, on local retinally specific
orientation effects [27–30]. Imagery based McCollough
effects [31,32,60] have not been convincingly replicated
[33,34]. Stereo-based McCollough effects or color con-
tingent stereo after-effects have not been demonstrated
unlike achromatic ones [5,35]. Motion contingent adap-
tation to shapes has been unsuccessful [36].
The negative results are problematic for associative
models as clearly perceptible differences should produce
after-effects. It has been suggested that the analogies of
the contingent after-effects to conditioning phenomena
are contrived [37–39].
Skepticism for the text specific McCollough effect is
reinforced by Humphrey et al. [40] failure to replicate
Allan et al. [1]. They suggest Allan et al.’s result is,
again, due to local retinal specific McCollough effects
mimicking a higher level form effect. Appropriate con-
trols eliminated word contingency as in the case of
curvature specific McCollough effects. Similar analyses
have also been made of other associative claims [13]
with stimuli other than words [2,37].
Given the controversial nature of the word contin-
gency effect and associative models, we attempted to
extend the phenomena to the motion after-effect. The
motion after-effect can also be made color contingent,
demonstrating a link to the McCollough effect and
there are motion contingent McCollough effects [5].
There is cortical involvement in the motion after-effect
[41–43,57], behavioral reports in cats and monkeys
[44,45,62] and higher order attentional:configural mod-
ulation [14,18,19,21] similar to the McCollough effect.
It would then make sense to attempt to generate word
contingent motion after-effects.
Three experiments attempted to demonstrate word
contingency in the motion after-effect. We used stone
and onset as the adaptation stimuli based on Allan et
al.’s [1] archetypal conditions. In Experiment 1, the
words themselves moved, in Experiments 2 and 3, the
words were paired with the motions of sine wave
gratings.
2. Experiment 1: Stone and Onset moving left or right
In this experiment, words moved left or right in
opposite directions. Parameters were such that if the
stimuli were gratings, it would have produced contin-
gent motion after-effects. For example, after adaptation
to the word ‘stone’ moving left, a stationary ‘stone’
word would seem to move right and vice versa for the
word ‘onset’ moving left. Both a word condition and a
colored grating condition (control for time parameters
being sufficient for typical motion after-effect induc-
tion) were run. If word adaptation was successful, it
would have extended Allan et al.’s [1] results and
strengthened support for their theoretical position.
2.1. Method
2.1.1. Apparatus and stimuli
All experiments were conducted on a Macintosh IIx
computer with an Apple 13‘‘ high resolution monitor.
Stimuli were prepared and programmed using macro-
media director software. There were two sets of adapta-
tion stimuli. The first set consisted of a moving (0.3°:s)
red and black 1 cd (red value was R61166, G0,
B0 on the Apple color picker, black was R0,
G0, B0) high contrast square wave grating and a
similar green grating (green value was R0, G
30583, B0 on the Apple color picker). The gratings
were 4.5° horizontally by 1° vertically on a black back-
ground. The second set consisted of the words ‘stone’
and ‘onset’, typed in capital letters with each letter
covering an area of approximately 1:2° horizontally by
1° vertically. The words were high contrast, being white
on a black background and moved horizontally at
0.3°:s. The entire word covered an area 4.5° wide. The
adaptation words were seen in a continuous stream
with the words wrapping around the presentation area.
There was a space between repetitions of the word.
During adaptation and testing, there was a small cen-
tral blue fixation point. The motion and size parameters
were chosen from those that produced strong motion
after-effects in the literature and demonstrated them in
pretesting. Stationary versions of the stimuli were used
for testing. During adaptation and testing, there was a
small central blue fixation point. The stimuli are pre-
sented in Fig. 1A.
2.1.2. Subjects
A total of 40 subjects were divided randomly into
two groups. All had normal or corrected vision. Sub-
jects were from introductory psychology or perception
classes. While some had experience with the classic
McCollough effect, none were aware of the experimen-
tal hypothesis or even the controversies over higher
order adaptation.
2.1.3. Procedure
In the first group, a standard color contingent mo-
tion after-effect was induced. A total of ten subjects
observed the red square wave grating moving to the left
and the green grating to the right. For the other ten, the
color:motion pairing was reversed. This condition
served as a control to see if our time parameters
produced contingent after-effects. Typical adaptation
experiments use pre- and post-adaptation designs. In
our three studies, which look for post-adaptation mo-
tion of the test stimuli, no subject report pre-adaptation
motion of these stimuli.
The adaptation basic sequence of moving gratings
was either a RGGR or GRRG color order (five sub-
jects each) for 2 min total time. In those 2 min, the
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grating alternation cycle occurred seven times. After the
adaptation cycle, the test stimuli were presented. This
consisted of a stationary red or green grating for 3 s.
Then the other color grating was presented. Subjects
made a forced choice of left, right, up, down or no
perceived motion of the grating. These five choices were
used, rather than left or right alone, to reduce the
chance of subjects trying to intuit the results, especially
in the word adaptation conditions. The adaptation and
testing sequences were repeated four times for each
subject.
For the second group of 20, the procedure was the
same except that the words ‘stone’ and ‘onset’ can be
substituted for a red or green rating. All other parame-
ters were the same. This group tested whether a word
contingent motion after-effect could be produced with
stimulus parameters similar to those that establish
strong color contingent motion after-effects.
2.2. Results
We did not find strong evidence for a word contin-
gent motion after-effect. A total of 16 out of 20 subjects
reported color contingent motion after-effects of the
standard pattern of the chromatic stationary grating
moving in the opposite direction as compared to the
adaptation motion. However, with the word conditions,
17 subjects reported no motion, two reported motions
consistent with adaptation (opposite to the word direc-
tion) and one reported motion inconsistent with the
contingent adaptation prediction (up and down). A
comparison of percentage reports based on consistent
versus inconsistent motion for the color and word
adaptation stimuli was significant (x2 (1, N40)
16.94, PB0.005). If there was evidence of text contin-
gent adaptation, then the percentage reports would
have been much closer to the grating adaptation condi-
tion. The results for the word condition do significantly
differ from a chance prediction of equal choice of
alternatives (no motion, inconsistent motion, appropri-
ate after-effect report) (x2 (2, N20)19.59, PB
0.005). Subjects clearly choose no motion for the text
conditions as compared to the grating condition.
2.3. Discussion
We failed to demonstrate a text contingent motion
after-effect, suggesting that word contingency is not
possible. An alternative is that we are making a type II
statistical error. One should not accept the null hypoth-
esis. However, a statistical power analysis [46] indicated
that we had a power level of 0.80 at an alpha level of
0.05 if we were trying to find an 0.8 after effect report:
0.2 no report ratio. These proportions are typical of
McCollough effect situations [5]. However, one might
say that this is too strong a split. The word contingent
motion after-effect may be very subtle and weak. Per-
haps, one might expect only 55% of subjects would
report the effect as compared to a 50-50 division of
after effect:no after effect. In that case, one would have
to run 785 subjects to have a power of 0.80 at an alpha
level of 0.05.
We have also tried long periods of adaptation (20
min) on ourselves and colleagues and presented the
adaptation-test sequence to large introductory classes.
These informal tests yield no word contingency reports.
Finally, if we presented only one of the words moving
in only one direction to classes (i.e. ‘stone’ moving left),
that word was easily perceived as moving right after the
adaptation (a classic MAE). However in our adaptation
conditions, the same orientation and width components
moved in opposite directions preventing local feature
adaptation and a motion after-effect not based on word
contingency.
3. Discussion
In the next two experiments, another approach was
used. Perhaps, the motion in our previous adaptation
situation was not associated with the word. This seems
unlikely but modern learning theory [47] postulates that
establishing a conditioned response does not occur with
humans without some knowledge of the contingency
between the stimuli at the time of stimulus presentation.
Fig. 1. (A) Horizontally oriented stone and onset configurations used
for adaptation and testing. Arrows denote direction of word motion.
(B) Horizontally oriented stone and onset configurations over verti-
cally oriented sine wave gratings used for adaptation and testing.
Arrows denote direction of grating motion while words were station-
ary. (C) Horizontally oriented stone and onset apertures filled with
vertical sine wave gratings. Arrows denote direction of grating mo-
tion.
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One could speculate that subjects just saw moving
words and did not, for some reason, associate the
direction of motion with the words. The next experi-
ments tried to make the arrangement even more
explicit.
In Experiment 2, we presented the word ‘stone’
against a vertical sine wave grating moving in one
direction horizontally and the word ‘onset’ paired with
the other direction. Thus, the stationary word predicted
direction of grating motion. Such a contingency would
usually be effective in the typical conditioning
paradigms. Conventional adaptation to these sine
waves only in one direction produced extremely power-
ful motion after-effects and we also had a color contin-
gent control condition. Testing consisted of presenting
the stationary word over the stationary grating. If
conditioning is important to after-effect evocation ac-
cording to the associative models reviewed above, we
would expect the stationary test grating to seem to
move in the opposite direction of the moving sine wave
that was paired with the word during adaptation
4. Experiment 2: STONE and ONSET over moving
sine wave gratings
4.1. Apparatus and stimuli
Stimuli for the word contingent test consisted of the
words ‘stone’ and ‘onset’ typed in capital letters with
each letter covering an area of approximately 1:2°
horizontally by 1° vertically. However, the letters were
arranged as normal text. The words were a middle gray
(Apple color picker HSB values: H0. S0, B
34952). The entire word covered an area 4.5° wide. The
words were superimposed over a 3° vertical by 6°
achromatic horizontal sine wave grating (1 cd, con-
trast0.9). There were also red and green versions of
the sine wave gratings. The grating speed was 0.75 c:s.
Pretesting had demonstrated the sine wave gratings
generated a powerful conventional version of the mo-
tion after-effect. During adaptation and testing, there
was a small central blue fixation point (Fig. 1B).
4.1.1. Subjects
A total of 20 subjects were divided into two groups
for word:grating adaptation. A total of ten subjects
were used for the color contingent motion after effect.
All had normal or corrected vision. Subjects were from
introductory psychology or perception classes. While
some had experience with the classic McCollough ef-
fect, none were aware of the experimental hypothesis or
even the controversies over higher order adaptation.
They did not take part in other conditions.
4.1.2. Procedure
Adaptation, testing, timing and presentation were the
same as in Experiment 1 with the substitution of the
appropriate stimuli. A total of ten of the subjects were
adapted to the word ‘onset’ over the sine wave grating
moving left and ‘stone’ over the grating moving right
and the other ten vice versa
4.2. Results
All ten subjects tested with the chromatic gratings
reported the classic color contingent motion after-ef-
fect. Once again, we did not find strong evidence for a
word contingent motion after-effect in this condition. A
total of 17 subjects reported no motion and three
reported motions inconsistent with the contingent
adaptation prediction. A comparison of percentage re-
ports based on consistent versus inconsistent motion
for the color (from the chromatic sine wave adaptation
of the control condition) and word adaptation stimuli
was significant (x2 (1, N30)19.6, PB0.005).
4.3. Discussion
There was no evidence of word contingent adapta-
tion while color contingency was strong. The most
parsimonious explanation is that while there are adapt-
able color opponent motion units, there are no such
text related units. An associative model of adaptation is
not supported by Experiment 2. Informal tests on large
groups of introductory students did not yield reliable
reports of word-motion contingency.
In Experiment 3, there was a change in strategy. In
the first experiment, the word moved. In the second
experiment, the words did not move but were paired
with an independent moving stimuli. Perhaps, these
contingencies were not effective. In the classic McCol-
lough effect, the adaptation grating is made of black
and red (or green) bars. The adaptation stimulus is
‘made’ of the adapting dimension. Perhaps, if we actu-
ally made the word out of ‘movement’-the contingency
would be appreciated and adaptation achieved. Thus,
we had a stimulus that consisted of a word that was
really an aperture under which there was a moving sine
wave grating. The word was ‘filled’ with motion.
5. Experiment 3: STONE and ONSET as apertures
filled with moving sine wave gratings
5.1. Method
5.1.1. Apparatus and stimuli
Stimuli consisted of the words ‘stone’ and ‘onset’
typed in capital letters with each letter covering an area
of approximately 1:2° horizontally by 1° vertically. The
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letters were arranged as normal text. However, the
letters could be best conceptualized as cut out of a
middle gray sheet and under which was a moving,
achromatic sine wave grating (1 cd, contrast0.9). The
grating speed was 0.75 c:s. The entire word covered an
area 4.5° wide. During adaptation and testing, there
was a small central red fixation point (Fig. 1c).
5.1.2. Subjects
A total of 20 subjects were divided into two groups.
All had normal or corrected vision. Subjects were from
introductory psychology or perception classes. While
some had experience with the classic McCollough ef-
fect, none were aware of the experimental hypothesis.
They did not take part in other conditions.
5.1.3. Procedure
Adaptation, testing, timing and presentation were the
same as in Experiment 1 with the substitution of the
appropriate stimuli. In total ten of the subjects were
adapted to the word ‘onset’ filled with the sine wave
grating moving left and ‘stone’ filled with the grating
moving right. The other ten subjects were presented
with an opposite pairing.
5.2. Results
We did not find strong evidence for a word contin-
gent motion after-effect in this condition. A total of 18
subjects reported no motion. A total of two reported
motion inconsistent with the contingent adaptation pre-
diction. A comparison of percentage reports based on
consistent versus inconsistent motion for the color
(from the chromatic sine wave adaptation of the con-
trol condition) and word adaptation stimuli was signifi-
cant (x2 (1, N30)22.5, PB0.005).
5.3. Discussion
Filling the words with motion did not evoke a text
contingent effect and informal long adaptation tests
yielded nothing. Again, if one adapted to one direction,
say ‘onset’ filled with sine wave grating motion to the
left, a stationary sine wave filled ‘onset’ demonstrated
the appropriate rightward after-effect. But, so did a
stationary ‘stone’. There was no text specificity to the
perceived motion.
6. General discussion
Negative effects are hard to evaluate. Maybe we
missed the magic combination of parameters that
would have produced a word contingent motion after-
effect but we do not think so. We have seen no indica-
tion of contingency in the experimental situations tested
or informally.
Instead, it is probably the case that McCollough
effect type adaptation is confined to known cortical
populations excluding word contingency. The word
contingent McCollough effect is likely related to the
local adaptation of orientation [2]. Our motion adapta-
tion conditions controlled for this type of confound and
we did not see a pseudo-adaptation based on orienta-
tion–motion pairing.
What of the higher level adaptation effects? It is
likely they fall in the realm of visual cortical properties.
Attentional manipulations are thought to influence the
formation of surface area schematics and the filling-in
of surface qualities such as color [16,48,49] and neural
responses to motion [50,61]. Thus, demonstrations of
higher order processes in after-effects are not outside of
known properties.
A similar analysis based on object and surface sys-
tems is proposed by Prinzmetal and Keyser [24] to
explain their finding that ambiguous neon colors can
follow linguistic constraints. Their theory is similar to
that of Grossberg’s [51] except it has a wider set of
possible visible characteristics that can influence surface
quality assignment. It does not need to postulate spe-
cific word-color units but a flow of color to the visible
instantiation of a linguistic boundary. Broerse and
O’Shea [52] have indicated a link between neon color
spread and the McCollough effect. Thus, Prinzmetal
and Keysar’s result is thus not incongruent with the
failure to replicate Allan et al. [1]. They were not
making a prediction based on an associative model.
One interesting possibility that might support our
inability to produce text contingency was suggested by
G.K. Humphrey (personal communication). If motion
analyzing mechanisms are part of the magno visual
pathway and dissociate from the parvo object oriented
pathways (such as might process text) then one might
not see motion-text contingency. Thus textual identity
does not link to motion at an adaptable level. This is
problematic for associative theories as the text is clearly
seen to move, so associative modelers would have to
explain why such an obvious contingency is not being
appreciated. If on the other hand, we have missed the
magic confluence of parameters and a future researcher
produces the effects, then we have, at least, precipitated
that contribution.
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